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Description 

[0001] The present invention relates to a method for separating sucrose and additionally a second dissolved com- 
ponent from a solution. More particularly, the invention relates to a method in which a solution containing sucrose and 

5 other dissolved substances is first fractionated by a chromatographic simulated moving bed (SMB) method to yield a 
sucrose-enriched fraction and a fraction enriched with a second component to be recovered, or a fraction enriched 
with sucrose and said second component, and the fraction enriched with said second component and optionally sucrose 
is further fractionated chromatographically, either by a batch method or a simulated moving bed method. In a preferred 
embodiment, the invention relates to the fractionation of a beet-derived sucrose-containing solution to yield a sucrose- 

10 enriched fraction and a fraction enriched with a second organic compound commonly present in beet-derived solutions, 
such as betaine, inositol, raffinose, galactinol, or serine and other amino acids. 

[0002] The description hereinbelow employs the established abbreviation SMB for the simulated moving bed, which 
is customary in the art of chromatography. 

[0003] It is known that sucrose and betaine are recoverable from molasses by chromatographic separation methods. 

15 International published application WO 81/02420, which corresponds to Finnish Patent 77,845 to Suomen Sokeri Oy, 
describes a chromatographic method for the recovery of betaine from molasses by a batch process in which diluted 
molasses is fractionated with a polystyrene sulphonate cation exchange resin in alkali metal form. This method achieves 
good separation of sucrose and betaine. This reference also discloses a method in which a betalne-enriched fraction 
obtained from a first fractionation is subjected to further chromatographic purification. The further purification step is 

20 capable of separating the other components of the betaine-enriched fraction. However, the dry solids content in the 
sucrose and betaine fractions obtained by this method is relatively low, therefore, large amounts of eluant water must 
be evaporated in recovering the sucrose and betaine from the respective fractions by crystallization. 
[0004] Continuously operated chromatographic separation processes nowadays commonly employ the SMB meth- 
od, which method is used in a variety of different applications, the SMB method has a separating performance that is 

25 several times higher than that of the batch method, and also results in significantly lower dilution of the products or, 
conversely, lower consumption of eluant. 

[0005] The SMB method may be carried out in either a continuous or a sequential mode. In a continuous SMB 
method, which was first disclosed in the early 1960s in U.S. Patent 2,985,589, all fluid streams typically flow continu- 
ously. These streams are: supply of feed solution and eluant, recycling of liquid mixture, and withdrawal of products. 
30 The flow rate for these flows may be adjusted in accordance with the separation goals, i.e. increased yield, purity, or 
capacity. Separation of sucrose by such continuous SMB methods has been described in international published ap- 
plication WO 91/08815 by The Amalgamated Sugar Company and in U.S. Patent 4,990,259 to M. M. Kearney and M. 
W. Mumm and assigned to The Amalgamated Sugar Company. 

[0006] In a sequential SMB method, the pattern of fluid streams is the same as in the continuous SMB method, but 
35 some of the fluid streams do not flow continuously. Sequential SMB fractionation methods in which a sucrose fraction 
and a betaine fraction are recovered from beet molasses are disclosed in Finnish Patent 86,416 to Suomen Sokeri Oy, 
which corresponds to U.S. Patent 5,127,957, and international published application WO 94/17213 to Suomen Sokeri 
Oy. German Often legungsschrift 4,041 ,414 to Japan Organo Co, which corresponds to British published application 
2,240,053, also discloses a sequential SMB method by which several product fractions are recovered from sugarbeet 
40 molasses. 

[0007] In the sugar industry, the important parameters in the fractionation of molasses to recover sucrose include 
the purity and yield of sucrose, the separation capacity, and the eluant/feed ratio. A purity of 92% and a yield of 90% 
are the usual requirements for a sugar product. In order to increase the capacity, the flow rates, which are generally 
higher in SMB processes than in batch processes, are increased. Along with the increase in the flow rate, however, a 

45 -flat tail" is produced in the sucrose elution profile. This is especially disadvantageous when it is desired to recover, in 
addition to sucrose, a second dissolved component. With respect of the recovery of sucrose and betaine, this effect 
is apparent upon comparison of the elution profiles presented in international application WO 81/02420 and Finnish 
Patent 86,416, for example. In the course of obtaining a high sucrose yield, the betaine yield is diminished because 
part of the betaine is allowed to pass into the sucrose fraction w herefrom it is removed in the sucrose crystallization 

so step. Likewise, if a high betaine yield is desired, considerable amounts of sucrose end up in the betaine fraction, thus 
diminishing the sucrose yield and considerably impairing the purity of the betaine fraction. 

[0008] In the above references, the purity of the betaine fraction obtained by the process of German Offenlegungss- 
chrift 4,041 ,414 is relatively good, 80.9% on a dry solids basis (d.s.), but the purity of the sucrose fraction, 87% d.s., 
is inadequate in view of the needs of the sugar industry. It can be concluded from the composition of the feed solution 
55 of Example 3 in said reference that the "thin juice" was demineralized prior to the SMB fractionation by the "KAAK 
method" ( which refers to cation exchange - anion exchange - anion exchange - cation exchange as described in 
Sayama, K„ Kamada, T, and Oikawa, S., Production of Raffinose: A New By-Product of the Beet Sugar Industry, 
British Sugar pic, Technical Conference, Eastbourne 1992). Molasses produced by such a beet sugar process has a 
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different composition from common molasses. Typically, beet molasses contains 1 .5-3.5% by weight of raffinose and 
3.5-6.5% of betaine on a dry solids basis. On the other hand, since the feed solution of Example 3 in German Offen- 
legungsschrift 4,041 ,414 has a raffinose content of 17.3% by weight and a betaine content of 12.2% by weight dry 
solids basis, it can be concluded, on the basis of the raffinose-to-betaine ratio, that roughly half of the betaine contained 

5 in common beet molasses was lost (obviously in the ion exchange treatment). 

[0009] In accordance with the results presented in Finnish Patent 86,416, a purity as high as 70.9% d.s. for the 
betaine fraction was obtained (11.1% d.s. of sucrose present). However, the 86.8% purity of the sucrose fraction does 
not meet the requirements of the sugar industry. Similarly, the 47,5% purity of the betaine fraction reported in interna- 
tional application WO 94/17213 is rather poor. 

10 [0010] The object of the present invention is a fractionation method by which sucrose and additionally a second 
desired organic component, such as betaine, inositol, raffinose, galactinol, or serine and other amino acids, can be 
recovered from a beet-derived sucrose-containing solution so as to obtain higher yields and at least equivalent purity 
for sucrose. 

[0011] It is another object of the present invention to fractionate sucrose and betaine so as to obtain higher yields 
15 and/or higher purity for the second recovered component, specifically betaine, as compared with the results obtained 
by the prior SMB methods. 

[0012] It is a further object of the invention to provide an economical fractionation in terms of capacity and the eluant/ 

feed ratio - at least equivalent to the prior SMB methods for fractionating sucrose-containing solutions. 

[0013] These objects are achieved with the method of the invention for separating sucrose and additionally a second 

20 dissolved component from a sucrose-containing solution, in which method the solution is subjected to a first chroma- 
tographic fractionation by a SMB method to yield a sucrose-enriched fraction (hereinafter the first sucrose fraction) 
and a fraction enriched with the second dissolved component, and the resulting fraction enriched with the second 
component is subjected to a second chromatographic fractionation, to yield a second sucrose-enriched fraction (here- 
inafter the second sucrose fraction) and a separate fraction enriched with the second dissolved component. 

25 [0014] The first fractionation may be carried out in such a way that sucrose and the second component are enriched 
in the same fraction. 

[001 5] In accordance with a preferred embodiment of the invention, sucrose and said second component are enriched 
in separate fractions in the first chromatographic fractionation, and the sucrose fraction obtained in the second frac- 
tionation is combined with the sucrose fraction from the first fractionation, and sucrose is recovered from the combined 

30 sucrose fraction thus obtained. 

[0016] In accordance with another preferred embodiment of the invention, sucrose and said second component are 
enriched In separate fractions in the first chromatographic fractionation, and the second sucrose fraction Is returned 
to the feed solution for the first fractionation. In this embodiment, sucrose is recovered from the first sucrose fraction. 
[0017] In accordance with another preferred embodiment of the invention, a fraction enriched with sucrose and the 

35 second dissolved component is recovered in the first fractionation, and sucrose is recovered from the second sucrose 
fraction and the second component from the fraction enriched with said second dissolved component obtained from 
the second fractionation. In this embodiment, the sucrose fraction obtained is pure enough to enable recovery of su- 
crose by methods commonly used in the sugar industry. The fraction enriched with the second dissolved component 
obtained from the second fractionation can also be pure enough to enable recovery of said component, e.g. betaine, 

40 by conventional techniques. 

[0018] Generally, the second dissolved component is recovered from the fraction obtained from the second fraction- 
ation, which is enriched with the second dissolved component. Part of the second dissolved component can be recov- 
ered from a fraction enriched with said second dissolved component obtained from the first chromatographic fraction- 
ation. Alternatively, said fraction enriched with said second component obtained from the first chromatographic frac- 

45 tionation is combined with the fraction obtained in said second fractionation, which is enriched with the second dissolved 
component. The term "second dissolved component" refers to organic compounds commonly present in beet-derived 
solutions, such as betaine, inositol, raffinose, galactinol, or serine and other amino acids. The second chromatographic 
fractionation, i.e. fractionation of the fraction enriched with the second dissolved component which is obtained from 
the first fractionation, may be performed by either a batch method or a SMB method. 

50 [0019] The invention is particularly suitable for the recovery of sucrose and betaine from beet molasses. Therefore, 
the following description of the invention specifically refers to the recovery of sucrose and betaine, but the invention is 
not so limited. Instead of, or in addition to betaine, any other dissolved organic substance may be similarly recovered 
by adjusting the process conditions and parameters to suit the separation in question, which can be achieved easily 
by those skilled in the art. 

55 [0020] With the method of the invention, the sucrose yield can be improved by up to about 10 per cent compared 
with the SMB methods presently employed in the sugar industry. This improvement represents remarkable economic 
advantages in view of the large amounts of molasses used by the sugar industry for chromatographic separation. For 
example, in the United States, about 500,000 tonnes d.s. of molasses are currently used per annum. 
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[0021 ] The purity of the sucrose fraction produced by the method of the invention is consistent with the goal of about 
92% set for industrially practised SMB methods. 

[0022] With regard to betaine, the method of the invention can achieve yields as high as about 95%, as contrasted 
with prior yields of about 30-70%, and a purity as high as about 95%, as contrasted with purities of about 25-70% 
5 (calculated on a dry solids basis) hitherto obtained. 

[0023] The first chromatographic separation in the method of the invention may be carried out with prior art SMB 
methods and apparatus known to be suitable for the fractionation of molasses, such as those disclosed in U.S. Patent 
4,402,832 (continuous SMB method), Finnish Patent 86,416, and international application WO 94/17213 (discussed 
above). 

10 [0024] Also the further fractionation of the betaine fraction produced in the first fractionation to yield a second sucrose 
fraction and a second betaine fraction may be carried out by known chromatographic separation methods and appa- 
ratus, for example employing methods and apparatus disclosed in the context of the batch method in international 
application WO 81/02420 and in the context of SMB methods in Finnish Patent 86,416 and international application 
WO 94/17213. 

is [0025] In the continuous SMB method, all flows (supply of feed solution and eluant, recycling of liquid mixture, and 
withdrawal of product fractions) are typically continuous. The rates for these flows may be adjusted in accordance with 
the separation goals (yield, purity, capacity). There are normally 8 to 20 sectional packing material beds that are com- 
bined into a single loop. The feed and product withdrawal points are shifted cyclically in the downstream direction in 
the packing material bed. On account of the supply of eluant and feed solution, the withdrawal of products, and the 

20 flow through the packing material bed, a dry solids profile is formed in the packing material bed. Constituents having 
a lower migration rate in the packing bed are concentrated in the back slope of the dry solids profile, while ingredients 
having a higher migration rate are concentrated in the front slope. The points of introduction of the feed solution and 
eluant and the withdrawal points of the product or products are shifted gradually at substantially the same rate at which 
the dry solids profile moves in the packing material bed. The product or products are withdrawn substantially from the 

25 front and back slopes of the dry solids profile. The feed solution is introduced substantially at the point where the 
composition of the cyclically moving dry solids profile is closest to the composition of the feed solution, and the eluant 
is introduced approximately at the point of minimum concentration of the dry solids profile. Part of the separated prod- 
ucts are recycled on account of the continuous cyclic flow, and only part of the dry solids profile is withdrawn from the 
packing material bed during one sequence. 

30 [0026] The feed and withdrawal points are shifted cyclically by using feed and product valves located along the 
packing material bed, typically at the upstream and downstream end of each sectional packing material bed. If it is 
desired to recover product fractions of very high purity, short phase times and multiple sectional packing material beds 
must be employed. The requisite valves and feed and withdrawal equipment are part of the apparatus. 
[0027] In the sequential SMB system, not all flows (supply of feed solution and eluant, recycling of liquid mixture, 

35 and withdrawal of products) are continuous. Yet the shifting of the dry solids profile or profiles moving cyclically in the 
system is continuous. The flow rate and the volumes of the different feeds and product fractions may be adjusted in 
accordance with the separation goals (yield, purity, capacity). 

[0028] During the feeding phase, a feed solution, and possibly also an eluant during a simultaneous eluting phase, 
is introduced into predetermined sectional packing material beds, and, simultaneously, one or more product fractions 
to are withdrawn. During the eluting phase, eluant is introduced into a predetermined sectional packing material bed or 
predetermined sectional packing material beds and, during the feeding and eluting phases, one or more product frac- 
tions are withdrawn. 

[0029] During the recycling phase, essentially no feed solution or eluant is supplied to the sectional packing material 
beds and essentially no products are withdrawn. A forward flow is maintained in a fixed direction in a system comprising 
■45 at least two sectional packing material beds, and the products are recovered during a multistep sequence comprising 
the above phases. A sectional packing material bed may comprise one column, or it is possible to pack several suc- 
cessive sectional packing material beds into a single column. 

[0030] During the feeding phase, feed solution is introduced into a sectional packing material bed and a correspond- 
ing quantity of any product fraction is withdrawn at a point which may be located either in the same sectional packing 

so material bed as the feed point (in which case the other sectional packing material beds in the system may be, for 
example, in the eluting or recycling phase) or in a different sectional packing material bed from that of the feed point, 
which bed is connected in series (possibly through other sectional packing material beds) with the sectional packing 
material bed into which the feed is introduced. During the recycling phase, the liquid in the sectional packing material 
beds, along with its dry solids profile or profiles, is recycled in a loop comprising one, two or several sectional packing 

55 material beds. In the eluting phase, eluant is introduced into the packing material bed and a corresponding amount of 
product fraction(s) is (are) withdrawn from the same or a downstream sectional packing material bed. 
[0031] As stated previously, a detailed description of these sequential SMB methods applied to the recovery of su- 
crose and betaine from beet molasses is provided in Finnish Patent 86,416 and international application WO 94/17213; 
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these processes may be employed in the method of the present invention to carry out both the first and the second 
fractionation. 

[0032] By moving the packing material bed counter-currently to the liquid flow direction of the dry solids profile, an 
actual moving bed system can be achieved. It is self-evident that results very similar to those achieved with a simulated 

s moving bed can be obtained with such an actual moving bed. 

[0033] In the method of the invention, preferably a gel-type strong cation exchanger (e.g. M Dowex M , "Finex" or H Pu- 
rolite M ) is employed as the packing material for the columns, and it is preferably in sodium and/or potassium form. The 
packing material is preferably equilibrated to the ionic form of the feed solution prior to the fractionation. 
[0034] The dry solids content of the beet-derived sucrose-containing solution to be fed to the chromatographic sep- 

10 aration is typically 20-80 g/100 g t preferably 40-70 g/100 g. The solution is heated to 40-95°C, preferably 65-85°C, 
prior to being supplied to the separation process. 

[0035] The elution phase employs mainly water and/or very dilute aqueous solutions (having a dry solids content 
less than 8% by weight, preferably less than 1% by weight). The eluant has a temperature of 40-95°C, preferably 
65-85°C. 

is [0036] The dry solids content of the betaine fraction obtained from the first fractionation is adjusted prior to the second 
fractionation to about 25-50 g/100 g for batch separation or, typically, to 20-80 g/100 g, preferably 40-70 g/1 00 g, for 
SMB separation. 

[0037] Sucrose can be recovered from the sucrose fraction by methods commonly used in the sugar industry, such 
as by crystallization or as a syrup, or as liquid sugar subsequent to purification. Betaine is at least partly recovered 

20 from the betaine fraction obtained from the second fractionation. This can be performed by crystallization, for example, 
as described in international application WO 81/02420, or said fraction can be used as a concentrated betaine solution. 
[0038] To optimize the sucrose and betaine yields and purity, the phi of the feed solution may also be adjusted. It is 
generally adjusted prior to the second fractionation to the range 6.5-12, and preferably between 9.5 and 11 .5. 
[0039] The following examples illustrate the method of the invention in the context of fractionating beet molasses to 

25 recover sucrose and betaine. These examples are only illustrative of the special embodiments of the invention. 

Example 1 

[0040] Sequential SMB method; separation of sucrose and betaine from molasses without further separation 

30 of betaine fraction (reference example) 

[0041] A chromatographic apparatus as schematically shown in Figure 1 was employed. The apparatus comprised 
three columns 1-3 connected In series, fluid conduits 4-7 connecting the columns, a molasses container 8, a water/ 
eluant container 9, a molasses feed conduit 10, an eluant feed conduit 11 , a recycle pump 12, a molasses feed pump 
13, an eluant feed pump 14, heat exchangers 15-17, product fraction withdrawal conduits 6, 18-20, 48 and 49, and 

35 valves 21 -47. The apparatus further comprised flow and pressure regulators (not shown). 

[0042] The columns were packed with a strong cation exchanger resjn Finex CS 11 GC™, manufacturer Finex Oy. 
The resin had a polystyrene/divinylbenzene backbone and was activated with sulphonic acid groups; the mean bead 
size (in Na + form) was about 0.38 mm. The resin had a DVB content of 5.5%. Prior to the test, the resin was regenerated 
to sodium form; during the fractionation it was equilibrated by cations from the feed solution. 

40 



Test conditions: 


Diameter of columns 


0.2 m 


Total height of resin bed 


10.5 m 


Temperature 


80°C 



[0043] The feed solution was beet molasses wherefrom calcium was precipitated by adding sodium carbonate (pH 
about 9); the calcium carbonate precipitate was removed by filtration. 

[0044] Fractionation was performed by a seven-step sequence that comprised the following steps: 

50 

Step 1: Feed solution 10 was introduced (feeding phase) into column 1 at a flow rate of 80 l/h, and a residue 
fraction was eluted from the downstream end of the same column 2 through conduit 48. Simultaneously, eluant 
was supplied (eluting phase) to column 2 through valve 26 at a flow rate of 25 l/h, and a sucrose fraction was 
eluted from column 3 through conduit 6. 
55 Step 2: The liquid in the columns was recycled (recycling phase) in the loop formed by all columns at a rate of 1 20 l/h. 

Step 3: Eluant was introduced into column 1 through valve 23 at a rate of 120 l/h and, simultaneously, a betaine 
fraction was eluted from column 3 through conduit 6. 

Step 4: Eluant 11 was introduced (eluting phase) into column 1 through valve 23 at a flow rate of 120 l/h, and a 



5 



EP 0 764 219 B1 



second residue fraction was eluted from the downstream end of column 2 through conduit 49. Simultaneously, 
eluant was supplied (eluting phase) to column 3 through valve 29 at a flow rate of 55 i/h, and a second betaine 
fraction was eluted from the downstream end of the same column through conduit 6. 
Step 5: Same as step 2. 

5 Step 6: Eluant 11 was introduced into column 1 through valve 23 at a flow rate of 120 l/h, and a third residue 

fraction was eluted from the downstream end of column 3 through conduit 6. 
Step 7: Same as step 2. 

[0045] After the sequence was carried to completion, the process control program was continued and it returned to 
10 step 1 . By repeating this sequence five to seven times, the system was equilibrated. The method proceeded in a state 
of equilibrium, and the progress of the separation process was monitored with a density meter, a meter for optical 
activity, and a conductivity meter, and the separation was controlled by a microprocessor whereby precisely defined 
volumes and flow rates of feeds, recycled liquid and product fractions were controlled employing quantity/volume meas- 
uring means, valves and pumps. 
15 [0046] In this method, a sucrose fraction from column 3, two betaine fractions from column 3, and one residue fraction 
from each column were withdrawn. The betaine fractions were combined, as were the residue fractions. 
[0047] Analyses of the feed solution and the product fractions withdrawn during one sequence after an equilibrium 
was reached are presented in Table 1 , where the percentages of the different components are given as per cent by 
weight dry solids basis. 

20 

Table 1 





Dry solids g/100 g 


Sucrose % 


Betaine % 


Feed solution 


46.5 


58.1 


5.2 


Sucrose fraction 


25.8 


92.1 


0.8 


Betaine fraction (combined) 


4.2 


18.1 


55.6 


Residue fraction (combined) 


5.0 


12.7 


4.5 



30 [0048] The sucrose yield into the sucrose fraction was 90.1 % and the betaine yield into the combined betaine fraction 
58.7%. 

Example 2 

35 Sequential SMB method; separation of sucrose and betaine from molasses, further separation of betaine 
fraction 

[0049] The apparatus and test conditions described in Example 1 were employed. The procedure was also similar 
to that of Example 1 , except that a higher purity, but lower yield, for sucrose and a lower purity, but higher yield, for 
40 betaine than in Example 1 were obtained in the first fractionation by adjusting the fraction volumes. Subsequent to 
evaporation, the resulting betaine fraction was subjected to re-fractionation by a similar sequential SMB method. The 
sucrose fraction obtained from the second fractionation was combined with the sucrose fraction from the first fraction- 
ation, and the residue fractions were likewise combined. 

[0050] Analyses of the feed solutions and the product fractions withdrawn during one sequence after an equilibrium 
45 was reached are presented in Table 2, where the percentages of the different components are given as per cent by 
weight dry solids basis. 



Table 2 



55 





Dry solids g/100g 


Sucrose % 


Betaine % 


First fractionation 


Feed solution 




46.5 


58.1 


5.2 


Sucrose fraction 




25.5 


92.6 


0.4 


Betaine fraction 




3.3 


21.3 


43.9 


Residue fraction 




4.8 


11.7 


0.9 
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Table 2 (continued) 



5 



10 





Dry solids g/100g 


Sucrose % 


Betaine % 


Second fractionation 








Feed solution 


55.0 


21.3 


43.9 


Sucrose fraction 


14.0 


82.6 


1.0 


Betaine fraction 


8.3 


1.1 


85.2 


Residue fraction 


4.1 


11.2 


2.2 


Combined product fractions 








Sucrose fraction 


24.7 


92.2 


0.4 


Residue fraction 


4.7 


11.7 


1.0 



15 [0051] The sucrose yield from the first fractionation was 89.4% and the betaine yield was 89.9%. The total sucrose 
yield, calculated from the combined sucrose fraction , was 92.6% and the total betaine yield, calculated from the betaine 
fraction obtained from the second fractionation, was 88.2%, The second fractionation afforded remarkable improvement 
of the sucrose yield and betaine purity. In addition, the betaine yield improved significantly as compared with Example 1 . 

20 Example 3 

[0052] The method described in Example 2 was essentially followed, but the effect of the pH of the feed solution for 
the second fractionation (which solution had been obtained from the betaine fraction from the first fractionation) was 
studied, performing the second fractionation in such a way that (a) the pH of the feed solution was not adjusted, and, 
25 hence, the pH was 10.2, (b) the pH of the feed solution was adjusted with hydrochloric acid to 9.5, and (c) the pH of 
the feed solution was adjusted with NaOH to 11 .2. 

[0053] Analyses of the feed solution for the second fractionation (i.e. further separation of the betaine fraction) and 
the product fractions withdrawn during one sequence after an equilibrium was reached are presented in Table 3, where 
the percentages of the different components are given as per cent by weight dry solids basis. 

30 

Table 3 



35 



45 





Dry solids g/100g 


Sucrose % 


Betaine % 


Feed solution 


43.0 


32.5 


24.8 


(a) pH 10.2 








Sucrose fraction 


16.6 


84.6 


0.1 


Betaine fraction 


6.2 


0.4 


89.3 


(b) pH 9.5 








Sucrose fraction 


17.9 


81.1 


0.1 


Betaine fraction 


6.2 


0.4 


88.0 


(c) pH 11.2 








Sucrose fraction 


15.4 


82.5 


0.1 


Betaine fraction 


6.1 


0.1 


90.4 



[0054] The yields from the second fractionation in the above cases (a), (b) and (c) were as follows: 

(a) sucrose 57.3%, betaine 95.4% 
so (b) sucrose 59.6%, betaine 96.8% 

(c) sucrose 51 .9%, betaine 96.8%. 

[0055] As will be seen from the results, the pH of the feed solution affects the purity and yield of sucrose and betaine. 
The pH may be adjusted in accordance with the economical optimum. 

55 
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10 



15 



20 



25 



30 



35 



Example 4 

Continuous SMB method; separation of sucrose and by-product fraction from molasses (reference example) 

[0056] The test apparatus comprised 14 columns connected in series, each having a diameter of 0.2 m and each 
containing a packing material bed having a height of 0.85 m. Figure 2 shows a schematic diagram of the test apparatus. 
[0057] The columns were packed with a polystyrene-based cross-linked (5.5% DVB) strong cation exchanger having 
a mean bead size of 0.32 mm. The packing material was equilibrated with feed solution and was predominantly in 
potassium and sodium form. 

[0058] Water, as eluant, was introduced into the column system at a flow rate of 83.5 l/h. Feed solution was introduced 
through conduit 51 at each feed point at a flow rate of 13.5 l/h for 150 seconds. The feed conduits were rinsed with 
eluant (30 s , 1 3.5 l/h) subsequent to the introduction of the feed solution. The flow rate of the product fraction through 
valves 66-79 was adjusted to 21 l/h, which produced a by-product flow rate of 76 l/h. The by-product fraction was 
withdrawn through a spring-biased valve securing the desired pressure for the system. An average recycle rate of 300 
l/h was maintained. In practice, this rate varies according to the change of the relative positions of the feed introduction 
and product withdrawal points along the recirculation loop. The points of introduction of the feed solution and eluant 
and the withdrawal points of the product fractions were shifted downstream one column each successive step at in- 
tervals of 1 80 seconds. 

[0059] Initially, the system was filled with a higher feed flow rate and lower eluant flow rate. Once the system was 
filled, the flow rate setpoints stated above were used to run the system until an equilibrium had been established. 
[0060] Samples were taken at two-minute intervals via a sampling valve placed in the recirculation loop. The con- 
centration gradient shown in Figure 3 was drawn on the basis of an analysis of the samples. In addition, the feed 
solution and the product and by-product fractions were analysed. The results are shown in Table 4, where the percent- 
ages of the different components are given as per cent by weight on a dry solids basis. 

Table 4 . 





Feed solution 


Product fraction 


By-product fraction 


Dry solids content, g/100 g 


65.0 


25.3 


4.9 


Sucrose, % 


60.4 


87.2 


19.0 


Betaine, % 


5.5 


4.5 


7.0 


Raffinose, % 


2.1 


0.9 


4.0 


Others, % 


32.0 


7.4 


70.0 


Flow rate, l/h 


13.5 


21.0 


76.0 


Sucrose yield into sucrose fraction 87.6 



40 



45 



50 



55 



Example 5 

Continuous SMB method for separation of sucrose and betaine from molasses and batch method for further 
separation of betaine fraction 

[0061] Molasses was fractionated by the continuous SMB method, wherein the column system of Example 4 was 
modified in such a way that it was possible to withdraw three product fractions: sucrose, betaine, and by-product 
fractions. Figure 4 shows a schematic diagram of the test apparatus. The flow rate of the sucrose fraction was adjusted 
to 21 l/h and the flow rate of the betaine fraction to 1 8 l/h. The feed rate of the eluant through conduit 94 was 90.5 l/h, 
and the feed flow rate through conduit 95 was 13.5 l/h. Hence, the flow rate of the by-product fraction through conduit 
96 was 65 l/h. 

[0062] The betaine fraction was concentrated to a dry solids content of 55% and fed to a separation system com- 
prising two columns connected in series. The columns had a diameter of 0.2 m, and the packing material bed in each 
column had a height of 0.85 m. The packing material was the same as in Example 4. 

[0063] The betaine fraction was further fractionated using the batch method, supplying 2.6 1 of feed solution (55% 
by weight on a dry solids basis) to the upstream end of the first column. The feed was repeatedly introduced at intervals 
of 60 minutes. Elution was performed at a flow rate of 30 l/h. The following fractions were withdrawn from the bottom 
of the column: 



Fraction 1 
Fraction 2 



By-product 8.6 1 

Recycle fraction 2 1 (introduced into the column prior to the actual feed) 
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(continued) 



Fraction 3 j Product solution 2.6 1 

Fraction 4 j Recycle fraction 1 .4 1 (Introduced into the column subsequent to the actual feed) 

Fraction 5 J Betalne fraction 5.0 1 

Fraction 6 j Elution recycling 10 1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



[0064] With this procedure and column distribution, the betaine separation has a capacity more than twice the ca- 
pacity of a single column system comprising 14 columns with respect to the betaine fraction produced. 
[0065] The filling and equilibration of the column system, sampling, and analyses of the samples were performed as 
above. The concentration gradient from the first continuous SMB separation is shown in Figure 5. The results are 
shown in Table 5, where the percentages of the different components are given as per cent by weight on a dry solids 
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Fract: 




Feed solution 
Sucrose fraction I 
Betaine fraction I 
By-product fraction I 


Sucrose yield into sucrose f: 
Betaine yield into betaine f: 


Fract: 


Feed solution 
Sucrose fraction II 
Betaine fraction II 
By-product fraction II 


Sucrose yield into sucrose f: 
Betaine yield into betaine f: 


Combii 


Sucrose fraction I + II 
Betaine fraction II 
By-product fraction I + II 


Sucrose yield into sucrose f: 
Betaine yield into betaine f: 
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[0066] As can be seen from the results, the yield of sucrose increased from 87.6% to 91 .8% and the purity of sucrose 
increased from 87.2% to 87.8%. With this simpie modification, betaine was recovered with a yield of about 35% and 
a purity of 88.3%. The low betaine yield is a result of the continuous SMB method in which the feed flow was uninter- 
rupted, and thus a considerable portion of the betaine was lost in the sucrose fraction. By increasing the eluant flow 
5 rate and increasing the flow rate of the betaine fraction proportionately, the betaine yield may increase up to about 
50-60%. 

Example 6 

10 Sequential SMB method for separation of sucrose and betalnef rom molasses and further separation of betaine 
fraction 

[0067] The continuous SMB method disclosed in Example 4 was converted into a sequential method in such a way 
that the columns of Example 4, referred to as sectional packing material beds herein, were interconnected in sequence 
15 to form a four-column system in which two columns were formed by sectional packing material beds 1 -3 and 4-6, and 
two columns by sectional packing material beds 7-10 and 11-14. Thus, the system comprised two columns having a 
total sectional packing material bed height of 2.55 m each, and two columns having a total sectional packing material 
bed height of 3.4 m each. Figure 6 shows a schematic diagram of the apparatus. 
[0068] Fractionation was performed sequentially by the following eight-step sequence: 

20 

Step 1 : 1 5 1 of feed solution was introduced into sectional packing material bed 1 at a flow rate of 75 1/h, and a by- 
product fraction was withdrawn from sectional packing material bed 1 0. 20 1 of eluant was introduced into sectional 
packing material bed 11 at a flow rate of 100 l/h, and a sucrose fraction was withdrawn from sectional packing 
material bed 14. 

25 step 2: 8 I of liquid was recycled at a flow rate of 100 l/h in the loop formed by all columns. 

Step 3: 12 1 of eluant was introduced into sectional packing material bed 1 at a flow rate of 120 l/h and a by-product 
fraction was withdrawn from sectional packing material bed 3. Simultaneously, 12 I of eluant was supplied to sec- 
tional packing material bed 4 at a flow rate of 1 20 l/h, and a betaine fraction was withdrawn from sectional packing 
material bed 14. 

30 Step 4: 14 I of eluant was introduced into sectional packing material bed 1 at a flow rate of 120 l/h, and a betaine 

fraction was withdrawn from sectional packing material bed 14. 

Step 5: 8 1 of liquid was recycled at a flow rate of 1 00 l/h in the loop formed by all columns. 
Step 6: 1 0 1 of eluant was introduced into sectional packing material bed 1 at a flow rate of 1 00 l/h, and a by-product 
fraction was withdrawn from sectional packing material bed 14. 
35 Step 7: 4 1 of eluant was introduced into sectional packing material bed 1 at a flow rate of 1 20 l/h, and a by-product 

fraction was withdrawn from sectional packing material bed 14. 

Step 8: 12 I of eluant was introduced into sectional packing material bed 7. The profile was shifted by way of 
recirculation to sectional packing material bed 1 , and a by-product fraction was withdrawn from sectional packing 
material bed 6. 

40 

[0069] The betaine fraction was concentrated to a dry solids content of 55% and introduced into a separation system 
comprising three columns. Figure 7 shows a schematic diagram of the apparatus. The columns had a diameter of 0.2 
m, and the packing material bed in each column had a height of 0.85 m. The packing material was the same as in 
Example 4. 

45 [0070] Fractionation was performed sequentially by the following eight-step sequence: 

Step 1: 2 I of feed solution was introduced into column 1 at a flow rate of 60 l/h, and a by-product fraction was 
withdrawn from column 2. 2.7 I of eluant was supplied to column 3 at a flow rate of 80 l/h, and a sucrose fraction 
was withdrawn from column 3. 

so step 2: 1 .5 1 of feed solution was supplied to column 1 at a flow rate of 60 l/h, and a sucrose fraction was withdrawn 

from column 3. 

Step 3: 1.5 I of liquid was recycled at a flow rate of 60 l/h in the loop formed by all columns. 

Step 4: 3 I of eluant was introduced into column 1 at a flow rate of 60 l/h, and a betaine fraction was withdrawn 

from column 3. 

55 step 5: 1 .8 1 of eluant was introduced into column 1 at a flow rate of 54 l/h, and a by-product fraction was withdrawn 

from column 1. Simultaneously, 4 I of eluant was supplied to column 2 at a flow rate of 120 l/h, and a betaine 
fraction was withdrawn from column 3. 

Step 6: 3 I of liquid was recycled at a flow rate of 60 l/h in the loop formed by all columns. 
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Step 7: 1 .5 1 of eluant was introduced into column 1 at a flow rate of 60 l/h, and a by-product fraction was withdrawn 
from column 3. 

Step 8: 3 I of liquid was recycled at a flow rate of 60 l/h in the loop formed by ail columns. 

5 [0071] With this procedure, the betaine separation has more than double the capacity of the first separation stage 
with respect to the amount of the betaine fraction produced. Thus, it was not attempted in this test to optimize the 
sequence with respect to capacity and energy consumption, but good yields and purities were pursued. This resulted 
in low fraction concentrations. It is obvious to those skilled in the art that, in actual industrial practice, optimization is 
realized on an economic basis, thus the optimum values may be rather different from the values disclosed herein. 

10 [0072] The filling and equilibration of the column system, sampling, and analyses of the samples were performed 
similarly as in Example 4. The concentration gradient from the output of sectional packing material bed 1 4 in the first 
continuous SMB separation is shown in Figure 8. The results are shown in Table 6, where the percentages of the 
different components are given as per cent by weight on a dry solids basis. 

15 
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[0073] As can be seen from Figure 8, significantly better separation of betaine from sucrose is achieved compared 
to the fully continuous method of Example 5. Table 6 shows that with substantially similar column loads, the sequential 
method also yields a considerably higher purity of 92.3%, for the sucrose fraction than the 87.2-87.8% for the fully 
continuous method. Double separation permits the first fractionation to be performed with a relatively low sucrose yield, 
5 e.g. 84.1%, thus realizing the need for a high separation capacity and low evaporation. Double separation increases 
the sucrose yield to 91 .0%. The betaine yield may easily be increased to 82.8%, and with a higher eluant quantity and 
column capacity, the betaine yield may exceed 90%. 

Example 7 

10 

Continuous SMB method for the separation of by-product and a combined sucrose and betaine fraction from 
molasses followed by a continuous SMB method for the separation of sucrose fraction and betaine fraction 
from the combined sucrose and betaine fraction 

15 [0074] The test apparatus and resin described in Example 4 were used for the experiment. 

[0075] Water, as eluant, was introduced into the column system at a flow rate of 144.6 l/h. Feed solution was intro- 
duced through conduit 51 at each point at a flow rate of 23 l/h for 165 seconds. The feed conduits were rinsed with 
eluant (1 5 s, 22.9 l/h) subsequent to the introduction of the feed solution. The flow rate of the product fraction through 
valves 66-79 was adjusted to 33.9 l/h, which produced a by-product flow of 133.7 l/h. The by-product was withdrawn 

20 through a spring-biased valve securing the desired pressure for the system. An average recycle rate of 290 l/h was 
maintained. In practice, this rate varies according to the change of the relative positions of the feed Introduction and 
product withdrawal points along the recirculation loop. The points of introduction of the feed solution and eluant and 
the withdrawal points of the product fractions were shifted downstream one column each successive step at intervals 
of 180 seconds. 

25 [0076] As stated in Example 4, the system was allowed to reach an equilibrium before sampling. 

[0077] When the recycling rate is lowered in relation to the feed and product flow rates, more betaine will end up in 
the product fraction than in Example 4. The sucrose purity of the product fraction will be tower (85.6% instead of 87.2%). 
However, the separation capacity will be significantly higher. 

[0078] The product fraction from this separation, containing most of the sucrose and betaine, was collected and used 
30 as a feed solution in a similar continuous SMB system. No evaporation was needed, the product fraction was used as 
such. 

[0079] Water, as eluant, was introduced into the column system at a flow rate of 42.4 l/h. Feed solution was introduced 
through conduit 51 at each point at a flow rate of 34.9 l/h for 300 seconds. The feed conduits were rinsed with eluant 
(1 0 s, 34.9 l/h) subsequent to the introduction of the feed solution. The flow rate of the betaine fraction through valves 

35 66-79 was adjusted to 37.9 l/h, which produced a sucrose fraction flow of 39.4 l/h. The by-product was withdrawn 
through a spring-biased vafve securing the desired pressure for the system. An average recycle rate of 170 l/h was 
maintained. In practice, this rate varies according to the change of the relative positions of the feed introduction and 
product withdrawal points along the recirculation loop. The points of introduction of the feed solution and eluant and 
the withdrawal points of the product fractions were shifted downstream one column each successive step at intervals 

40 of 310 seconds. 

[0080] The results of this test are shown in Table 7. It is to be seen that the results are clearly better than when it is 
attempted to obtain three product fractions from a continuous SMB system, as set forth in Example 5. The final betaine 
purity is lower (52.5% instead of 88.3%), but the overall recovery of betaine is much better (63.7% instead of 35%) 
and, more importantly, the purity of the sucrose fraction is significantly higher (93.6% instead of 87.8%). The final sugar 
45 product can be recovered by crystallization of this sucrose fraction and, owing to the high purity, the yield from the 
crystallization will be significantly higher. It is also possible to purify this high-quality sucrose fraction by ion exchange 
and adsorption techniques into a colourless or nearly colourless liquid sugar product or syrup. 
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Claims 

1. A method for separating sucrose and additionally a second dissolved component from a beet-derived sucrose- 
containing solution, characterized In that the solution is subjected to a first fractionation by a chromatographic 

5 simulated moving bed method to yield a sucrose-enriched fraction and a fraction enriched with the second dissolved 

component or a fraction enriched with sucrose and the second dissolved component, arid the resulting fraction 
enriched with the second component or with sucrose and the second dissolved component is subjected to a second 
chromatographic fractionation, to yield a second sucrose-enriched fraction and a separate fraction enriched with 
the second dissolved component. 

10 

2. A method as claimed in claim 1 , characterized in that a fraction enriched with sucrose and, separately therefrom, 
a fraction enriched with the second dissolved component are recovered In the first fractionation. 

3. A method as claimed in claim 2, characterized in that the second sucrose-enriched fraction is combined with the 
15 sucrose fraction from the first chromatographic fractionation, and sucrose is recovered from the combined sucrose 

fraction thus obtained. 

4. A method as claimed in claim 2, characterized in that the second sucrose-enriched fraction is returned to the 
feed solution for the first chromatographic fractionation, and sucrose is recovered from the sucrose-enriched frac- 

20 tion obtained from the first fractionation. 

5. A method as claimed in claim 1 , characterized in that a fraction enriched with sucrose and the second dissolved 
component are recovered in the first fractionation. 

25 6. A method as claimed in claim 5, characterized in that sucrose is recovered from the second sucrose-enriched 
fraction. 

7. A method as claimed in any one of claims 1 -6, characterized in that the second dissolved component is recovered 
at least partly from the fraction enriched with said second dissolved component and obtained from the second 

30 fractionation. 

8. A method as claimed in any one of claims 1 -7, characterized In that the second dissolved component is selected 
from betaine, inositol, raffinose, galactinol, and serine and other amino acids. 

35 9. A method as claimed in claim 8, characterized in that the second dissolved component is betaine. 

10. A method as claimed in any one of claims 1-9, characterized In that the simulated moving bed method is a 
continuous simulated moving bed method. 

40 11. A method as claimed in any one of claims 1-9, characterized in that the simulated moving bed method is a 
sequential simulated moving bed method. 

12. A method as claimed in any one of claims 1 -11 , characterized in that the second fractionation is performed by a 
batch method. 

45 

13. A method as claimed in any one of claims 1 -11 , characterized in that the second fractionation is performed by a 
continuous simulated moving bed method. 

1 4. A method as claimed in any one of claims 1-11, characterized in that the second fractionation is performed by a 
so sequential simulated moving bed method. 

1 5. A method as claimed in any one of claims 1-14, characterized in that the beet-derived sucrose-containing solution 
is beet molasses. 



55 16. A method as claimed in any one of claims 1-15, characterized In that the chromatographic fractionation is per- 
formed with a strong cation exchanger. 

17. A method as claimed in claim 15, characterized in that the cation exchanger is a polystyrene-based cation ex- 
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changer cross-linked with divinylbenzene and having a divinylbenzene content of 4-8%. 

18. A method as claimed in claim 16 or 17, characterized In that the cation exchanger is predominantly in sodium 
and/or potassium form. 

5 

19. A method as claimed in any one of claims 1 -1 8, characterized In that the dry solids content of the solution fed to 
the second fractionation is adjusted. 

20. A method as claimed in any one of claims 1-19, characterized In that the pH of the solution fed to the second 
10 fractionation is adjusted to the range 6.5-1 2. 



PatentansprQche 

15 1 . Verfahren zur Abtrennung von Saccharose und zus&zlich einer zweiten gelosten Komponente aus einer von Ru- 
ben abgeleiteten Saccharose enthaltenden Losung, dadurch gekennzelchnet, daB die Losung einer ersten Frak- 
tionierung durch ein chromatographisches Verfahren mit simuliertem Bewegbett unterworfen wird, wobei eine mit 
Saccharose angereicherte Fraktion und eine mit der zweiten gelosten Komponente angereicherte Fraktion Oder 
eine mit Saccharose und der zweiten gelosten Komponente angereicherte Fraktion erhalten wird, und die resul- 

20 tierende Fraktion, die mit der zweiten Komponente oder mit Saccharose und der zweiten gelosten Komponente 

angereichert ist, einer zweiten chromatographischen Fraktion ie rung unterzogen wird, wobei eine zweite mit Sac- 
charose angereicherte Fraktion und eine getrennte mit der zweiten gelosten Komponente angereicherte Fraktion 
erhalten wird. 

25 2. Verfahren nach Anspruch 1 , dadurch gekennzelchnet, daB bei der ersten Fraktioninierung eine Fraktion, die mit 
Saccharose angereichert ist, und getrennt davon eine Fraktion, die mit der zweiten gelosten Komponente ange- 
reichert ist, gewonnen werden. 

3. Verfahren nach Anspruch 2, dadurch gekennzelchnet, daB die zweite mit Saccharose angereicherte Fraktion 
3d mit der Saccharose-Fraktion aus der ersten chromatographischen Fraktionierung kombiniert wird und Saccharose 

aus der kombinierten Saccharose-Fraktion, die auf diese Weise erhalten wurde, isoliert wird. 

4. Verfahren nach Anspruch 2, dadurch gekennzelchnet, daB die zweite mit Saccharose angereicherte Fraktion 
vor der ersten chromatographischen Fraktionierung zu der Beschickungslosung zuruckgefuhrt wird und Saccha- 

35 rose aus der mit Saccharose angereicherten Fraktion, die aus der ersten Fraktionierung erhalten wurde, isoliert 

wird. 

5. Verfahren nach Anspruch 1 , dadurch gekennzelchnet, daB eine mit Saccharose und der zweiten gelosten Kom- 
ponente angereicherte Fraktion bei der ersten Fraktionierung gewonnen wird. 

40 

6. Verfahren nach Anspruch 5, dadurch gekennzelchnet, daB Saccharose aus der zweiten mit Saccharose ange- 
reicherten Fraktion isoliert wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekennzelchnet, daB die zweite geloste Komponente 
45 mindestens teilweise aus der Fraktion isoliert wird, die mit der zweiten gelosten Komponente angereichert ist und 

die bei der zweiten Fraktionierung erhalten wird. 

8. Verfahren nach einem der Anspruche 1 bis 7, dadurch gekennzelchnet, daB die zweite geloste Komponente aus 
Betain, Inosit, Raffinose, Galactinol und Serin und anderen Aminosauren ausgewahlt wird. 

50 

9. Verfahren nach Anspruch 8, dadurch gekennzelchnet, daB die zweite geloste Komponente Betain ist. 

10. Verfahren nach einem der Anspruche 1 bis 9, dadurch gekennzelchnet, daB das Verfahren mit simuliertem Be- 
wegbett ein kontinuierliches Verfahren mit simuliertem Bewegbett ist. 

55 

11. Verfahren nach einem der Anspruche 1 bis 9, dadurch gekennzelchnet, daB das Verfahren mit simulierten Be- 
wegbett ein sequenzelles Verfahren mit simulierten Bewegbett ist. 
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12. Verfahren nach einem der Anspruche 1 bis 11, dadurch gekennzeichnet, daB die zweite Fraktionierung durch 
ein Chargenverfahren durchgefuhrt wird. 

13. Verfahren nach einem der Anspruche 1 bis 11, dadurch gekennzeichnet, daB die zweite Fraktionierung durch 
5 ein kontinuierliches Verfahren mit simuliertem Bewegbett durchgefuhrt wird. 

14. Verfahren nach einem der Anspruche 1 bis 11, dadurch gekennzeichnet, daB die zweite Fraktionierung durch 
ein sequenzielles Verfahren mit simuliertem Bewegbett durchgefuhrt wird. 

10 15. Verfahren nach einem der Anspruche 1 bis 14, dadurch gekennzeichnet, daB die von Ruben abgeieitete Sac- 
charose enthaltende Losung Rubenmelasse ist. 

16. Verfahren nach einem der Anspruche 1 bis 15, dadurch gekennzeichnet, daB die chromatographische Fraktio- 
nierung mit einem starken Kationenaustauscher durchgefuhrt wird. 

15 

17. Verfahren nach Anspruch 15, dadurch gekennzeichnet, daB der Kationenaustauscher ein Kationenaustauscher 
auf Polystyrol-Basis ist, der mit Divinylbenzol vernetzt ist und der einen Divinylbenzoi-Gehalt von 4 bis 8 % hat. 

18. Verfahren nach Anspruch 16 Oder 17, dadurch gekennzeichnet, daB der Kationenaustauscher vornehmlich in 
20 Natrium- und/oder Kalium-Form vorliegt. 

19. Verfahren nach einem der Anspruche 1 bis 18, dadurch gekennzeichnet, daB der Trockensubstanzgehalt der 
Losung, die zu der zweiten Fraktionierung gefuhrt wird, eingestelit wird. 

25 20. Verfahren nach einem der Anspruche 1 bis 19, dadurch gekennzeichnet, daB der pH der Losung, die zu der 
zweiten Fraktionierung gefuhrt wird, auf einen Bereich von 6,5 bis 1 2 eingestelit wird. 



Revendications 

30 

1 . Procede pour separer le saccharose et en outre un second composant dissous d'une solution contenant du sac- 
charose provenant de la betterave, caracterlse en ce que la solution est soumise a un premier fractionnement 
par un procede chromatographique a lit mobile simule pour produire une fraction enrichie en saccharose et une 
fraction enrichie en le second composant dissous ou une fraction enrichie en saccharose et en le second compo- 

35 sant dissous, et la fraction enrichie en le second composant ou en saccharose et en le second composant dissous 

resuitante est soumise a un second fractionnement chromatographique pour former une seconde fraction enrichie 
en saccharose et une fraction separee enrichie en le second composant dissous. 

2. Procede selon la revendication 1 caracterlse en ce qu'une fraction enrichie en saccharose et, separement de 
40 celle-ci, une fraction enrichie en le second composant dissous sont recuperees dans !e premier fractionnement. 

3. Procede selon la revendication 2 caracterlse en ce que la seconde fraction enrichie en saccharose est combinee 
avec la fraction de saccharose provenant du premier fractionnement chromatographique, et le saccharose est 
recupere a partir de la fraction de saccharose combinee ainsi obtenue. 

45 

4. Procede selon la revendication 2 caracterlse en ce que la seconde fraction enrichie en saccharose est renvoyee 
dans la solution d'alimentation pour le premier fractionnement chromatographique, et le saccharose est recupere 
a partir de la fraction enrichie en saccharose obtenue a partir du premier fractionnement. 

so 5. Procede selon la revendication 1 caracterlse en ce qu'une fraction enrichie en saccharose et en le second com- 
posant dissous est recup6r6e dans le premier fractionnement. 

6. Procede selon la revendication 5 caracterlse en ce que le saccharose est recupere a partir de la seconde fraction 
enrichie en saccharose. 

55 

7. Proced6 selon Tune quelconque des revendications 1 -6 caracterlse en ce que le second composant dissous est 
recup6r6 au moins en partie a partir de la fraction enrichie en ledit second composant dissous et obtenue a partir 
du second fractionnement. 
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8. Proc6d6 seloh Tune quelconque des revendications 1 -7 caracterise en ce que le second composaht dissous est 
choisi parmi la betaine, I'inositol, le raffinose, le galactinol, et la serine et d'autres acides amines. 

9. Proced6 selon la revendicatlon 8 caracterise en ce que le second composant dissous est la betaine. 

10. Precede selon Tune quelconque des revendications 1-9 caracterise en ce que le procede a lit mobile simule est 
un procede a lit mobile simule continu. 

1 1 . Procede selon Tune quelconque des revendications 1 -9 caracterise en ce que le procede a lit mobile simule est 
un procede a lit mobile simule sequentiel. 

12. Procede selon Tune quelconque des revendications 1-11 caracterise en ce que le second fraction nement est 
realis6 par un procede discontinu. 

13. Procede selon Pune quelconque des revendications 1-11 caracterise en ce que le second fractionnement est 
realisd par un procede a lit mobile simule continu. 

14. Proced6 selon Tune quelconque des revendications 1-11 caracterise en ce que le second fractionnement est 
realise par un procede a lit mobile simule sequentiel. 

15. ProcedS selon Tune quelconque des revendications 1-14 caracterise en ce que la solution contenant du saccha- 
rose provenant de la betterave est de la melasse de betterave. 

16. Procede selon Tune quelconque des revendications 1 -15 caracterise en ce que le fractionnement chromatogra- 
phique est realise avec un echangeur de cations fort. 

17. Procedg selon la revendication 15 caracterise en ce que Pechangeur de cations est un echangeur de cations a 
base de polystyrene reticule avec le divinylbenzene et ayant une teneur en divinylbenzene de 4-8 %. 

18. Procede selon la revendication 1 6 ou 1 7 caracterise en ce que Pechangeur de cations est principalement sous 
forme sodium et/ou potassium. 

19. Procede selon Tune quelconque des revendications 1-18 caracterise en ce que la teneur en solides sees de la 
solution envoyee au second fractionnement est ajustee. 

20. Procede selon Pune quelconque des revendications 1-1 9 caracterise en ce que le pH de la solution envoyee au 
second fractionnement est ajuste dans le domaine de 6,5-12. 
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